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ABSTRACT 

This  report  summarizes  the  participation  of  the  Marine 
Physical  Laboratory  in  SEALAB  II.  It  includes  the  results  of 
the  fine-grained,  topographic  survey  <  r  the  site,  details  of  and 
experience  with  the  Benthic  Laboratory  >»  s.'cm,  and  a  summary 
of  shore  communication  center  operations  during  the  program. 


INTRODUCTION 

Scripps  canyon  as  a  prospective  SEALAB  II 
site  was  the  attraction  which  led  to  the  partici¬ 
pation  of  the  Marine  Physical  Laboratory  in  the 
StiAl.AB  project.  The  canyon  represents  one  of 
the  most  intensively  studied  areas  in  submarine 
geology  in  existence,  and  had  previously  been 
selected  as  an  installation  site  for  MPL’s  Ben¬ 
thic  Lab  program. 

The  imminence  of  the  Benthic  Lab  equipment 
led  to  its  use  in  the  project  as  a  communication 
and  data  center,  coupling  SEALAB  with  the 
shore  via  coaxial  cable.  In  order  to  satisfy 
SI  . \I.AB’s  requirements,  the  Benthic  system  was 
adapted  to  the  specific  communication  and  data 
needs  of  the  program,  and  fabrication  of  the 
equipment  was  greatly  accelerated  to  meet  the 
time  schedule. 

Other  tasks  were  allotted  to  MPL  during  the 
project.  These  included  a  detailed  site  survey 


in  cooperation  with  NOTS,  installation  of  shore 
power  and  water  supply  to  the  SEALAB  site  with 
the  assistance  of  U.  S.  Navy  Electronics  Labora¬ 
tory  cable  laying  services,  and  furnishing  mis¬ 
cellaneous  support  for  the  La  Jolla  based 
activity. 

Responsibility  for  the  various  phases  of  MPL 
participation  was  diffused  throughout  the  organi¬ 
zation.  This  diffusion  brought  the  variety  of 
talents  within  MPL  into  play  in  an  effective 
manner,  accomplish  ng  the  allotted  tasks  with  a 
limited  nr.  nower  pool. 

The  format  of  this  report  reflects  the  variety 
of  efforts  undertaken.  The  contributions  from 
the  various  members  of  the  MPL  staff  have  been 
collated  under  one  cover  to  present  a  compre¬ 
hensive  picture  of  the  MPL  contributions  to 
SEALAB  II.  A  list  of  participating  personnel 
and  their  area  of  involvement  is  included  to 
indicate  the  level  of  effort  expended  in  the 
project. 
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l-A  ACOUSTIC  NAVIGATION  SYSTEM 
OFF  SCRIPPS  PIER 

Introduction 

The  precise  navigational  requirement  of  the 
SEALAB  II  site  survey  led  to  the  installation  of 
a  precision  short-range  navigation  system  oft 
Scripps  Pier.  The  nature  of  the  proposed  SEA- 
LAB  II  installation  was  such  that  a  knowledge 
of  the  bottom  topography  was  needed  to  a  degree 
of  detail  far  exceeding  that  of  available  charts. 
In  order  to  obtain  the  desired  survey  precision 
the  MPL  deeply  towed  echo-sounder  system  was 
coupled  with  a  simple  acoustic  beacon  naviga¬ 
tion  system  to  provide  a  survey  instrument  of 
high  vertical  resolution  and  a  correspondingly 
high  level  navigational  accuracy. 

Any  of  the  conventional  semiprecise  naviga¬ 
tional  methods  normally  used  off  Scripps  Pier 
were  not  considered  good  enough  for  several 
reasons: 

(1)  The  area  to  be  surveyed  was  small  requir¬ 
ing  very  precise  fixes. 

(2)  Most  other  systems  are  not  ’continuous’; 
i.e.,  they  are  done  by  point-by-point  meas¬ 
urements  and  could  not  be  done  rapidly 
enough  to  assist  in  navigating  the  ship 
through  the  small  area  to  be  surveyed. 

(3)  Other  systems  would  fix  the  position  of 
some  part  of  the  ship— not  the  towed  or 
suspended  survey  instrument  or  sampler. 
A  towed  survey  vehicle  may  not  always  be 
directly  below  a  fixed  point  on  the  towing 
ship.  Such  a  difference  in  ship  and  survey 
vehicle's  position  may  be  significant  in  a 
fine-scale  survey. 

These  objections  to  conventional  methods  led 
to  the  consideration  of  a  properly  installed 
acoustic  'range-range*  system.  Such  a  system 
offered  several  advantages: 

(1)  The  system  coulc,  provide  'continuous' 
fixes -more  often  than  one  per  second  if 
necessary. 


(2)  The  navigational  measurements  could  be 
referenced  directly  to  the  towed  or  sus¬ 
pended  device  rather  than  to  the  ship. 

(3)  The  acoustic  positioning  information 
could  be  displayed  in  exactly  the  same 
format  as  the  sounding  data;  in  fact,  in 
practice,  sounding  data  and  positioning 
data  were  displayed  on  the  same  piece  of 
recording  paper  as  shown  in  Figure  1. 


Figure  1.  Acoustic  positioning  data 

(4)  This  particular  system  could  be  used  in 
the  passive  as  well  as  the  active  mode; 
for  example,  one  could  place  a  pinger  with 
precision  time  base  on  the  survey  instru¬ 
ment  and  receive  these  pings  at  the 
bottom-mounted  hydrophones. 


2 


Marine  Physical  Laboratory 


S10  Reference  66-3 


(5)  This  system  bears  significant  resemblance 
to  transponder  navigation  systems  presently 
under  investigation  by  the  Deep  Tow  group 
at  MPL.  This  resemblance  would  allow 
simulation  and  evaluation  of  survey  situa- 
tions  likely  to  be  encountered  with  trans¬ 
ponders. 

System  Description 

The  system  as  installed  uses  two  or  three 
bottom-mounted  transmitting  hydrophones  cable- 
connected  to  shore  and  a  listening  hydrophone  at 
the  survey  vehicle.  Figure  2  illustrates  the 
system  configuration. 


A  Precision  Graphic  Recorder  or  similar  device 
is  used  to  key  a  radio  transmitter  at  a  precise 
repetition  rate.  The  radio  pulse  as  received  at 
the  pier  is  then  used  to  gate  an  audio  pulse, 
which  is  fed  via  cable  to  the  bottom-mounted 
hydrophones.  The  radiated  audio  pulses  are 
received  at  a  hydrophone  on  the  survey  vehicle. 
The  pulses  received  at  this  hydrophone  are  sent 
to  the  ship  via  cable  and  are  amplified  and  dis¬ 
played  on  the  Precision  Graphic  Recorder. 

The  travel  times  from  each  transmitting  hydro¬ 
phone  to  the  survey  vehicle  can  be  read  directly 
off  the  PGR  record.  An  appropriate  choice  of 


Figure  2.  Acoustic  navigation  system 
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sound  velocity  will  allow  conversion  of  these 
travel  times  to  distance  and  the  location  of  the 
survey  vehicle  with  respect  to  the  bottom- 
mounted  hydrophones  can  be  plotted. 

Hydrophon*  and  Cabla  Installation 

A  basic  installation,  two  bottom- mounted  hy¬ 
drophones,  was  planted  off  Scripps  Pier  on 
3  February  1965.  These  hydrophones  (Figure  3) 
are  supported  by  metal  tripods  and  connected  to 
Scripps  Pier  via  coaxial  cable.  The  coaxial 
cable  used  was  electrically  equivalent  to  RG8/U 
but  was  designed  with  higher  breaking  strength 
and  a  more  abrasion  resistant  jacket. 

The  two  tripods  and  the  associated  cabling 
were  installed  from  the  R/V  OCONOSTOTA  in 
the  following  way: 

(1)  The  hydrophones  were  mated  to  200-foot 
cables  by  water-tight  splices.  The  other 
end  of  each  cable  was  mated  to  a  water¬ 
tight  connector. 

(2)  The  hydrophone  and  cable  assemblies 
were  fastened  to  the  tripods  and  lowered 
to  the  bottom  on  a  piece  of  Manila  line. 
Upon  contact  with  the  bottom,  both  the 
Manila  line  and  the  free  cable  end  with 
plug  were  buoyed  off  at  the  surface. 

At  the  time  of  hydrophone  lowering,  visual 
sights  from  the  pier  end  were  made  on  the 
Manila  lowering  line  and  bearings  were 
taken  at  the  moment  of  bottom  contact  as 
indicated  by  the  slacking  of  the  Manila 
line. 

(3)  The  two  long  pieces  of  cable  were  stored 
with  water-tight  plugs  attached  on  a  large- 
diameter  reel  on  the  stern  of  the  R/V 
OCONOSTOTA.  The  free  end  of  the  outer 
cable  was  passed  to  the  end  of  Scripps 
Pier  and  tied  off.  The  OCONOSTOTA 
then  slowly  proceeded  back  to  the  marker 
buoy  where  the  cable  was  passed  to  a 
skiff  and  the  shore  cable  and  hydrophone 
cable  plugs  were  mated  together. 


(4)  After  installation  and  before  casting  off  of 
the  buoys  attached  to  the  Manila  line  and 
plugs,  an  electrical  check  was  made  from 
shore,  and  divers  were  sent  down  to  make 
sure  the  tripods  were  standing  in  an  up¬ 
right  position. 

This  operation  was  repeated  for  the  second 
hydrophone  and  cable. 


Figure  3.  Hydrophone  tripod 


A  third  hydrophone  was  installed  in  a  similar 
manner  at  a  later  date  using  a  small  barge  for 
cable  laying  and  hydrophone  eraplantment.  The 
barge  was  maneuvered  to  a  preselected  position 
by  means  of  optical  sights  from  shore.  At  the 
preselected  position  the  third  tripod  was  lowered 
into  pla.e  and  connected  to  its  shore  cable. 
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The  system  was  used  effectively  for  the 
acoustic  echo  sounding  survey  where  the  hydro¬ 
phone  was  50  feet  below  the  surface.  When  used 
with  a  hydrophone  suspended  near  the  bottom, 
terrain  shadowing  of  the  ranging  signals  was  ob¬ 
served  in  some  areas.  On  these  occasions,  the 
navigation  was  confused  by  multipath  arrivals 
which  did  not  represent  a  direct  path  range. 
Simplified  variations  in  sound  velocity  were  ob¬ 
served  over  the  sevt’al  months  of  operation  of 
this  system,  ind  for  ultimate  precision  cor¬ 
rections  had  to  be  applied.  The  navigational 
fixes  obtained  with  the  system  appeared  to  be 
repeatable  to  within  a  sigma  of  6  feet. 

I-B  PRELIMINARY  BATHYMETRY 
OF  THE  SEALAB  II  SITE 

In  order  to  establish  a  basis  for  the  selection 
of  a  site  for  SEALAB  II,  it  was  necessary  to  ob¬ 
tain  additional  bathymetric  data  in  the  vicinity 
of  Scripps  Canyon.  The  preliminary  surveys 
utilized  the  MPL  deeply  towed  echo  sounder.1 
This  instrument  was  well  suited  to  the  task  be¬ 
cause  of  its  narrow-beam  character  and  high 
resolution. 

Two  surveys  were  carried  out:  One  on  9 
February  1965  which  was  a  general  reconnais¬ 
sance  and  another  on  15  February  196*1  which 
concentrated  on  a  small  area  near  the  south  wall 
of  Scripps  Canyon.  This  small  area  was  noted 
on  the  first  survey  as  a  possible  site  for  the 
SL A I. All  II  program.  The  data  from  these  two 
surveys  resulted  in  the  contour  map  shown  in 
Figure  4. 

Navigation  for  these  two  surveys  was  by  means 
of  the  acoustic  positioning  system  of  section  I 
which  was  installed  for  this  purpose.  The  sur¬ 
vey  vehicle  was  tracked  continuously  during  the 
surveys.  Track  plots  were  compiled  in  the 
laboratory  utilizing  fixes  taken  from  the  records 
at  20-second  intervals.  Depth  data  were  plotted 
at  the  same  intervals  and  then  contoured  to  de¬ 
velop  the  preliminary  map  of  Figure  4.  This  map 


was  used  as  the  basis  for  selection  of  the  initial 
site  location.  Later  more  detailed  surveys  vali¬ 
dated  this  site  location  with  only  a  minor  shift 
in  final  position  and  orientation. 


1 


Figure  4.  Scripps  Canyon  contour  map 


l-C  BATHYMETRY  OF  SEALAB // AREA 
OF  SCRIPPS  CANYON 


Introduction 

Discrepancies  which  were  observed  between 
spot  soundings  and  the  preliminary  contour  chart 
of  Figure  4  led  to  a  decision  to  undertake  a  fine- 
scale  survey  of  the  SEALAB  II  area  using  lead 
line  and  optical  survey  measurements.  The  data 
of  the  survey  consisted  of  approximately  500 
lead-line  soundings  which  were  made  in  the 
vicinity  of  the  south  rim  of  the  head  of  Scripps 
Canyon.  A  bathymetric  chart  of  the  area  pre¬ 
pared  from  these  data  is  presented  together  with 
the  original  data  in  Figures  5a  and  5b.  It  is 
intended  to  serve: 


1  l.nuehridge.  W.  S.,  A  Deeply  Towed  Narrow  Beam  Tcho 
Sounder.  I  si  USN  Symposium  on  Military  Oceanography, 
IV,/.  I,  pp  4 1 '"•4 II  (l 964)  (Unclassified). 
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( 1 )  as  a  description  of  the  bottom  topography 
for  the  SEALAR  II  operations; 

(2)  as  a  finely  detailed  survey  of  part  of  the 
Scripps  Canyon  for  use  as  part  of  an  ac- 
curate  chart  of  Scripps  Canyon; 

(3)  as  the  initial  survey  which,  repeated  in  a 
number  of  years,  could  give  quantitative 
information  on  the  rates  of  erosion  of  this 
particular  section  of  the  canyon  rim. 

Method 

(1 )  Depths 

The  depths  were  measured  by  bouncing  a 
13-lb  lead  weight  hung  from  1/8"  stainless 
steel  wire  led  over  a  measuring  sheave 
(IBM  #356000  660)  loaned  by  E.  Murray. 
The  calibration  of  the  sheave  is  described 
in  the  section  ‘Sheave  Calibration.*  The 
sheave  meter  was  zeroed  with  the  weight 
at  the  water  surface  before  and  after  each 
set  of  measurements.  On  two  out  of  25 
occasions  the  meter  zero  was  found  to  be 
incorrect  and  the  results  preceding  the 
meter  check  failure  rejected  up  to  the  last 
meter  zero  check  (or  two  successive  re¬ 
confirmed  soundings). 

On  a  number  of  occasions,  the  wire  used 
was  too  short  to  touch  bottom.  These 
points  have  been  plotted  as  'depths  "*  * 
where  ‘depth*  was  the  maximum  length  of 
the  wire  out  measured  with  respect  to  mean 
low  ( r  low  water. 

At  the  time  of  writing,  the  depths  have 
been  converted  on  the  basis  of  3  ft  0.00  in/ 
counter  reading  rather  than  the  true  3  ft 
0.11  in  counter  reading.  This  will  mean 
that  an  apparent  depth  of  210  ft  on  the 
chart  is  really  at  210  ft  7.7  in.  This  cor¬ 
rection  will  be  applied  to  the  final  chart. 

(  2 )  Bounce  Data 

While  the  barge  was  being  moved  between 
fix  points,  the  lead  weight  was  ‘bounced’ 
on  the  bottom  and  the  depths  noted.  These 
'bounce’  data  were  taken  when  possible 
and  were  used  in  the  construction  of  the 


contour  lines  but  are  not  presented  on  the 
charts.  The  data  will  be  made  available 
later,  together  with  the  original  data  on 
punched  cards. 

(3)  Navigation 

The  Marine  Physical  Laboratory  barge 
(draft  1.5  ft,  displacement  1  ton)  was 
placed  in  a  three-line  moor  over  the  area  of 
interest  and  moved  by  manually  hauling 
and  slacking  the  mooring  lines.  The  po¬ 
sition  of  the  measuring  sheave  was  deter¬ 
mined  by  visual  observation  through  tran¬ 
sits  on  shore  at  Scripps  Pier  (JDM  po¬ 
sition)  and  Cliff  Path  positions.  Communi¬ 
cation  between  the  barge  and  the  transit 
operators  by  means  cf  Citizens  Band 
transceivers  enabled  visual  fixes  to  be 
taken  within  seconds  of  the  lead  weight 
touching  the  bottom. 

The  section  'Na’  igational  References’ 
contains  a  piecisc  description  of  the  loca¬ 
tion  ot  the  transits. 

( 1)  Sheave  (  nlihration 
Apparatus: 

SIO  meter  and  sheave  IBM  # 556000  660 
connected  to  nominal  II0-v60-Mz  supply; 

Starrett  s  eel  tape,  100-ft,  model  U(  5  30; 

Stainless  steel  wire.  150  ft,  1  R-in.  di¬ 
ameter. 

Method: 

The  sheave  was  hung  vertically  irom  a 
hook  and  the  wire  led  over  it  and  onto  the 
steel  tape  zero  mark.  The  counter  was 
then  zeroed  and,  keeping  at  least  one  pound 
of  tension  on  the  wire  passing  over  the 
sheave,  the  wire  end  was  moved  along  the 
tape  until  a  predetermined  number  (10,  20, 
30,  etc.)  appeared  on  the  counter:  the  po¬ 
sition  of  the  wire  end  on  the  steel  tape  was 
then  noted.  This  procedure  was  repeated 
until  the  end  of  the  steel  tape  was  reached, 
and  then  the  wire  was  pulled  back  in  over 
the  sheave,  repeating  the  measurements  at 
the  predetermined  counter  readings. 
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Results 
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(5)  Navigational  References 

During  the  SliAl.Ali  II  operations,  two 
sets  of  transit  stations  were  used.  Sur¬ 
veyors  connected  with  the  Naval  Ordnance 
Test  Station,  Pasadena,  used  the  sites 
called  ’Cove  ( SliAl.Ali )’  and  ’View.’ 
(Note  that  they  called  the  ’Cove’  site 
’Dome’  but  in  this  paper  the  nomenclature 
used  by  NFL  surveying  group  will  be 
adopted  to  avoid  confusion  between  the 
Valencia  Dome  and  the  Dome/Cove  site.) 
The  Marine  Physical  Laboratory  used  the 
Cliff  Path  station  (Moran  #7)  and  a  Scripps 
Pier  station  (Jl)M)  which  differs  from  the 
Moran  #4  Pier  station.  The  MPL  Pier 
angles  were  measured  clockwise  from  the 
Pier  Line  (JDM)  which  differs  by  ~I0  min 
from  the  Pier  Line  surveyed  by  NFL.  The 
MPL  Cliff  angles  were  measured  counter¬ 
clockwise  from  a  line  joining  the  Cliff 
Path  and  Scripps  Pier  (JDM)  positions. 

At  present  all  the  MPL  navigation  is 
given  with  reference  to  a  local  plane 
coordinate  system  called  the  SPANS  co¬ 
ordinate  system.  This  coordinate  system 
had  its  origin  at  the  Scripps  Pier  (JDM) 


station,  the  — x  axis  along  the  Pier  Line 
(JDM)  and  its  +y  axis  at  right  angles  to 
the  x  axis  in  a  southwesterly  direction. 

The  only  reason  for  using  this  network 
was  that  the  NFL  survey  data  was  not 
available  when  the  SPANS  coordinate 
system  was  set  up  and  hence  the  con¬ 
venient  but  very  arbitrary  SPANS  ~oordi- 
nate  system  was  used.  When  the  NFL 
data  was  available  it  was  immediately  in¬ 
corporated  and  measurements  made  to  link 
the  SPANS  coordinates  to  the  NEL  co¬ 
ordinates.  Compilation  was  carried  out 
using  the  SPANS  coordinate  system  and 
Table  I  shows  positions  in  the  SPANS 
coordinate  system. 


TABLE  I 


STATION 

X 

Y 

ft. 

ft. 

Pier  Base  (JI)M) 

0. 

0. 

Cliff  Path  (Moran  #7) 

434.3 

7239.2 

Pier  (Moran  #4) 

-16.9 

9.9 

Dike  Rock  (Moran  #5) 

-848.5 

-1290.3 

X  (Moran  Pier  Survey) 

6.5 

2.3 

Y  (Moran  Pier  Survey) 

-989.0 

-0.6 

Table  1,  showing  positions  of  various  objects  on 
Scripps  Pier  acoustic  navigation  coordinate  sys¬ 
tem. 

As  mentioned  previously,  further  con¬ 
firmatory  soundings  have  yet  to  be  made 
and  publication  of  the  final  positions  and 
depths  will  be  in  terms  of  the  NEL  local 
plane  network  with  its  origin  at  Dyke 
Rock. 

The  provisional  charts  accompanying 
this  report  hav  two  sets  of  border  mark¬ 
ings.  The  inne  set  refers  to  the  SPANS 
coordinate  system  while  the  outer  set  are 
sighting  lines  from  the  Cliff  Path  and 
Scripps  Pier  (JDM)  positions. 
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Analysis 

(1)  Tide  Correction 

Tidal  corrections  have  been  applied  to  all 
the  depths.  These  corrections  are  based 
on: 

i.  U.  S.  Department  of  Commerce,  Coast 
and  Geodetic  Survey  Tide  Tables  for 
1965  using  the  data  on  pages  71,  168 
and  191  to  construct  a  tide  curve. 

ii.  Observations  of  the  Scripps  Pier  di¬ 
rect  reading  tide  gauge,  subtracting 
17.0  ft  from  the  reading  to  obtain  the 
tide  height. 

iii.  The  Scripps  Pier  recording  tide  gauge 
records.  No  significant  differences 
between  these  values  have  been  ob¬ 
served.  Mean  sea  level  at  Scripps 
Pier  is  2.7  ft  above  mean  lower  low 
water. 

(2)  Accuracy 

The  depth  measurements  are  estimated  to 
be  accurate  to  within  1.5  ft  and  the  barge 
sheave  position  to  within  6  ft.  Analysis 
of  the  cross-over  points  will  be  carried  out 
later  in  order  to  give  more  accurate  error 
estimates. 

Results 

(1)  Contour  Map 

A  contour  map,  Figures  5a  and  5b,  has 
been  drawn  to  aid  in  the  interpretation  of 
the  depth  measurements.  It  should  be  used 
with  caution  and  the  contour  map  showing 
the  actual  soundings  used  where  neces¬ 
sary.  It  should  also  be  borne  in  mind  that 
regular  spacing  of  the  contours  does  not 
indicate  a  smooth  slope  but  rather  a  lack 
of  data. 

The  western  section,  in  particular,  has 
a  number  of  features  depicted  which  are 
based  on  very  few  or  even  a  complete 
lack  of  data  points.  The  bench  at  300  ft 
and  the  western  bifurcate  break  in  the  can¬ 
yon  rim  are  based  on  very  sparse  data. 
One  depth  measurement  has  not  been 


reconciled  with  the  contour  lines  and  has 
a  question  mark  adjacent  to  it.  There  is 
no  reason  to  doubt  the  validity  of  this 
measurement  and  the  query  refers  to  the 
position  of  the  contour  lines  rather  than 
to  the  measurement. 

(2)  Topographic  Model 

The  styrofoam  model  of  the  bottom, 
Figures  6a  and  6b,  was  constructed  based 
on  the  provisional  contour  maps.  This 
model  was  constructed  on  a  scale  of  20  ft 
per  inch  in  both  the  vertical  and  horizontal 
directions.  The  steep  cliff  faces,  ap¬ 
parent  in  these  photographs,  accurately 
represent  the  true  slopes  and  are  not  the 
result  of  vertical  exaggeration. 

(3)  Discrepancies  and  Possible  Errors 

After  the  provisional  charts  had  been 
drawn.  Dr.  D.  L.  Inman  of  Scripps  Insti¬ 
tution  of  Oceanography  made  a  number  of 
lead-line  soundings  in  the  area.  In  gener¬ 
al,  his  measurements  are  in  agreement  with 
ours  with  the  exception  of  our  298.2  and 
310.6  measurements  lyin.,  in  the  extreme 
northwest  corner.  His  measurements  (not 
shown  on  our  chart)  indicate  a  depth  of 
217  to  219  ft  in  this  area.  At  present  we 
suspect  our  measurements  and  thus  our 
contour  lines  to  be  in  error  in  this  region. 
Further  depth  measurements  will  be  made 
prior  to  final  publication  of  the  chart. 

In  addition,  the  shallow  east-west  gully 
in  the  southern  section  at  170-ft  depth 
looks  unusual  and  its  presence  will  be 
verified  later. 

The  suspected  depth  readings  are  under¬ 
lined  on  the  provisional  charts  but  have 
been  accepted  as  correct  for  contouring 
purposes. 
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Figure  6b.  Styrofoam  model  of  Scripps  Clan) on  in 
vicinity  of  SI  AI  \ll  II  site  looking 
from  above  in  a  southwesterly  di¬ 
rection.  Numbers  represent  depth  in 
feet  below  mean  lower  low  water. 
No  vertical  exaggeration  in  model. 


Figure  6a.  Styrofoam  model  of  Scripps  (  anyon  in 
the  vicinity  of  SI:.AI..\II  II  site  look¬ 
ing  southeast.  Numbers  represent 
depth  in  feet  below  mean  lower  low 
water.  No  vertical  exaggeration  in 
model. 
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II  POWER  AND  BENTHIC  INSTALLATION 

SEALAB  II  Installation 

In  order  to  satisfy  the  support  requirements 
for  SFALAB  II,  a  high-voltage  submarine  power 
cable  and  two  fresh  water  pipes  were  run  from 
the  end  of  Scripps  pier  to  the  site.  Disconnect 
switches  and  overload  breakers  were  provided  at 
the  distribution  transformer  pad  and  also  at  the 
cable  termination  on  the  end  of  the  pier.  Prior 
to  the  undr-^ater  cable  installation,  a  length  of 
the  armored  4-conductor  submarine  cable  was 
laid  along  the  pier.  The  pier  end  of  the  cable 
was  terminated  in  a  high-voltage  disconnect 
switch;  the  campus  end  was  wired  through  dis¬ 
connect  switches  to  the  main  transformer  distri¬ 
bution  pad  on  the  Scripps  campus. 

Water  was  supplied  to  the  end  of  the  pier 
through  a  1-1/2*  polyethylene  pipe.  At  the  pier 
end,  two  3/4-hp  helical  rotor  pumps  were  mani¬ 
folded  into  the  system  for  the  purpose  of  boost¬ 
ing  the  pressure  to  a  maximum  of  120  psi.  Each 
pump  was  capable  of  a  5-gallon- aer-minutc  flow 
at  this  pressure. 

The  underwater  submarine  cable  lay  was  ter¬ 
minated  at  a  point  near  SF.AI.AB  in  an  under¬ 
water  transformer  vault.  A  pair  of  3/4-inch, 
schedule  80,  rigid  vinyl  pipes  were  banded  to 
the  main  power  cable  as  it  was  laid.  The  V/:A* 
I.AB  end  of  the  water  lines  was  mechanically 
attached  to  the  transformer  vault  and  terminated 
in  a  pair  of  Hansen  self-sealing  couplers  and 
fitted  with  check-valve  assemblies  which  per¬ 
mitted  the  line  to  be  flushed  with  fresh  water. 
The  shore  end  of  the  underwater  cable  was  con¬ 
nected  to  the  high-voltage  disconnect  switch  and 
the  shore  ends  of  the  water  pipes  were  connected 
to  the  pump  manifold. 

The  initial  installation  was  made  on  August  20 
using  the  original  concrete  hive  as  a  housing  for 
the  transformer.  The  laying  procedure  consisted 
of  transferring  the  hive,  with  cables  and  water 
lines  attached,  to  the  BFRKOSI :  by  the  use  of 
the  BFRKOSI.  crane.  The  power  cable-water 
pipe  bundle  was  then  taken  aboard  the  B I- RKOS I 


and  stopped  off  with  a  length  of  nylon  line.  The 
cable  layer  (NEL’s  YFV-4D  then  proceeded  to 
lay  the  cable  in  a  direct  line  to  the  pier.  As  the 
cable  payed  out  from  the  cable  well,  the  water 
lines  fed  from  their  individual  ten-foot  diameter 
spools  and  were  banded  to  the  power  cables  just 
prior  to  passing  over  the  forward  bow  sheave. 
The  cable  layer  tied  off  to  a  buoy  upon  reaching 
the  pier  and  passed  the  cable  and  water  lines 
across  to  a  crew  on  the  pier  end.  The  two  water 
pipes  were  slightly  short  of  the  required  length 
and  the  additional  length  was  made  up  of 
twenty-foot  lengths  solvent  welded  with  standard 
couplings. 

While  the  power  cable  was  being  laid,  the 
BFRKOSI :  crew  attempted  to  place  the  power 
package  on  the  bottom.  The  attempt  was  un¬ 
successful;  the  transformer  vault  was  severely 
damaged  by  way  of  shearing  off  the  support  legs 
and  undercarriage,  and  carrying  away  the  cable 
gland  fitting.  The  rigging  crew  and  divers  on 
board  the  BFRKOSF  were  able  to  salvage  the 
concrete  dome  and  managed  to  replace  it  on 
board  the  V/'('-45  for  return  to  the  NET  water¬ 
front  area. 

After  laying  the  armored  coax.al  cable  to  shore 
for  the  future  installation  of  the  Iknthic  Lab, 
the  V FI  returned  to  the  NEI.  pier.  By  virtually 
eliminating  sleep  from  the  personnel  program,  a 
new  steel  dome  was  fabricated  over  the  weekend 
from  a  surplus  air  pressure  tank  previously  re¬ 
moved  from  l  l.ll\  On  August  31  the  new  trans¬ 
former  vault  was  transported  to  the  site  on  board 
the  (K.OSOSFOFA  where  it  was  transferred  to 
the  BFRKOSF.  and  a  splice  to  the  shore  power 
cable  made.  After  SFAI  All  was  emplantcd,  the 
transformer  vault  was  olaced  on  the  bottom  by 
the  BI.RKOSF  crew.  The  shore  power  and  water 
supply  were  available  continuously  during  the 
45  days  of  SFALAB  operation. 

In  the  light  of  the  experience  with  the  concrete 
dome  of  the  transformer  hive,  a  decision  was 
made  to  fabricate  a  new  steel  dome  for  the 
Benthic  hive  also.  No  existing  vessel  was 
available  for  this  purpose  and  thus  a  I /4-inch 
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steel  shell  was  rolled  and  welded  with  a  conical 
cover  for  the  Benthic  hive  enclosure.  The  in¬ 
stallation  of  the  Benthic  hive  was  made  in  the 
same  manner  as  the  power  package.  It  was 
transported  to  the  RERKON  F.  aboard  a  larger 
ship,  the  HORIZON ,  transferred  to  the  deck  of 
the  RERKONE  and  the  coaxial  cable  splice 
made  up.  At  a  later  time  it  was  emplanted 
alongside  SEALAR  after  which  the  aquanauts 
passed  the  flexible  multiconductor  cable  through 
the  cable  well  in  SEAEAR  and  made  the  con¬ 
nections  into  the  electronics  rack. 

Ill  THE  BENTHIC  LAB  SYSTEM 

The  Benthic  Lab,  as  used  with  SEAEAR  II, 
is  shown  in  Figure  7.  It  is  an  unmanned  re¬ 
motely  operated  electronics  complex  housed  in  a 
kerosene-filled  inverted  dome  or  'hive’  mounted 
on  the  sea  floor  near  the  SEAEAR  habitat.  This 
complex  is  connected  through  a  single  coaxial 
cable  to  the  Benthic  control  console  one  mile 
away  on  shore. 

In  addition  to  control  and  monitor  functions 
associated  with  the  operation  of  the  Benthic 
Lab,  the  electronics  provides  for  the  multiplex 
and  de-multiplex  of  quite  a  number  of  television 
video,  audio  communication,  and  digital  tele¬ 
metering  channels  to  and  from  SEAl.AR  over  the 
single  coax  to  shore.  The  ac  power  required  to 
operate  the  Benthic  Lab  is  also  transmitted  over 
the  same  coaxial  cable. 

The  transmission  system  provides  for  the 
transmission  of  36  audio  communication  channels 
(AMT)  with  a  nominal  5  kHz  bandwidth,  12 
channels  from  shore  to  Benthic  and  24  channels 
from  Benthic  to  shore.  Additional  provisions  are 
made  for  the  transmission  of  5  simultaneous, 
5  MHz  bandwidth  TV  video  signals  from  Benthic 
to  shore.  The  time-multiplex  telemetering  sys¬ 
tem  (TMT)  provides  128  channels  in  each  di¬ 
rection  with  a  60  Hz  sampling  rate  corresponding 
to  a  0  to  30  Hz  passband  on  each  channel. 


The  Benthic  hive  is  filled  with  optically  clear 
acid-washed  kerosene.  The  interior  is  lighted 
by  16  lights  which  are  turned  on  individually  and 
in  pairs  via  the  shore- to-Benthic  TMT  channels 
Two  television  cameras  with  remotely  operated 
pan/tilt  capability  are  located  inside  the  hive 
and  provide  vision  for  inspection  and  servicing 
of  interior  electronics. 

All  circuits  are  made  up  on  plug-in  cards  and 
are  contained  in  22  modular  assemblies  arranged 
in  a  ring  around  a  mechanical  manipulator  which 
is  operated  remotely  over  the  time-multiplex 
channels.  The  ring  assembly  is  shown  in  Figure 
8a.  There  are  spare  circuit  cards  for  all  critical 
circuits  stored  in  the  modules  for  easy  access 
by  the  manipulator.  Other  features  include  mani¬ 
pulator  actuated  switches,  both  rotary  and  toggle, 
and  an  instrumentation  patch  panel  where  any 
one  of  over  70  voltages  and  waveforms  may  be 
selected  for  telemetering  to  shore  for  system 
check  or  trouble  shooting. 

A  completely  independent  backup  telemetering 
system  providing  24  channels  for  critical  control 
functions  such  as  manipulator,  lights  and  TV 
may  be  placed  in  servp  '  -r  trouble  shooting  in 
the  event  a  failure  should  .cur  in  the  primary 
system. 

Two  hydrophones  are  mounted  on  the  manipu¬ 
lator,  one  on  each  side.  The  hydrophone  outputs 
are  transmitted  to  shore  for  stereo  listening  in 
order  to  give  the  operator  additional  sensing  of 
certain  operating  conditions  which  would  not 
otherwise  be  available. 

The  operation  of  the  Benthic  Lab  is  carried 
out  from  the  Benthic  Control  room  located  on 
shore.  Figure  8b  shows  the  configuration  of  the 
operator’s  console. 

SEALAB  -to-Shor*  Communications  via  Bonthic 

All  audio  communications  between  SEAEAR  II 
and  shore  were  made  via  Benthic  using  amplitude 
modulated  carrier  transmission  in  the  frequency 
band  of  1  MHz  to  2.2  MHz.  Carrier  frequencies 
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Figure  Ha.  Ring  assembly  -  Benthic  Lab 


15 


I  » 


SIO  Reference  <S6-3 


Marine  Physical  Laboratory 


Figure  8b.  Operator’s  console 
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were  assigned  with  a  nominal  30  kHz  channel-to- 
channel  separation  and  a  buffer  of  100  kHz  be¬ 
tween  the  highest  frequency  downgoing  channel 
and  the  lowest  frequency  upcoming  channel. 

The  transmitter  circuit  shown  in  Figure  9  con¬ 
sists  of  an  LC  oscillator,  a  single  transistor 
modulator  stage  driven  by  two  cascaded  emitter 
followers  and  a  complementary  symmetry  emitter 
follower  buffering  the  output.  The  output  is 
coupled  into  the  transmission  line  through  a  high 
Q  series  resonant  filter.  Thirty-si*  transmitters 
are  used,  24  in  the  Benthic  Lab  and  12  on  shore 
in  the  control  console. 


Figure  9.  Transmitter  circuit  -  Benthic  Lab 


The  receiver  circuit  used  is  shown  in  Figure 
10.  It  is  a  superheterodyne  circuit  with  an  RF 
amplifier,  a  series-tuned  colpitts  local  oscil¬ 
lator,  a  separate  mixer  stage,  two  IF  amplifier 
stages,  a  detector  and  an  output  buffer  ampli¬ 
fier.  Thirty- six  receivers  are  used,  12  in  the 
Benthic  Lab  and  24  on  shore  in  the  control 
console. 


Four  of  the  twelve  downgoing  AMT  channels 
were  used  for  television  synchronization  control, 
one  was  used  to  transmit  a  clock  frequency  for 
synchronization  of  the  TMT  system,  six  of  the 
remaining  seven  channels  were  assigned  for 
voice  communication  with  SEAl.AB  and  the 
BERKONE  and  one  channel  was  reserved  as  a 
spare. 

Three  channels  were  assigned  for  SEAI.AB 
communications  with  shore.  One  served  a  loud¬ 
speaker  near  the  trunk  which  was  a  part  of  the 
primary  shore  communication  link.  Another  was 
connected  to  a  telephone  handset  near  the  port 
watch  station.  This  circuit  was  used  only  three 
times  in  (he  42  days  that  hHALAB  was  manned. 
The  third  receiver  channel  was  used  to  drive  a 
telephone  handset  near  the  trunk  for  patch  into 
the  Pacific  Telephone  system  ashore.  This  cir¬ 
cuit  was  us  d  to  the  greatest  extent. 

The  other  three  circuits  were  assigned  for  two- 
way  communication  between  the  BERKONE  and 
shore,  two  for  a  Pacific  Telephone  System  patch 
and  one  for  routine  communications  to  Benthic 
control  and  various  offices  in  the  SEAl.AB  head¬ 
quarters  building.  None  of  these  circuits  was 
ever  connected  or  used  at  the  Staging  Vessel 
end,  presumably  because  a  shore  telephone  cable 
was  laid  furnishing  adequate  communications. 

Terminal  equipments  were  wired  into  C  aptain 
Nelson’s  office,  the  Public  Information  office 
and  the  psychologist’s  office  in  the  headquarters 
building  ashore  for  direct  communication  with 
SEAl.AB  or  the  BERKONE  via  Benthic.  These 
facilities  were  used  on  a  very  few  occasions  to 
communicate  with  SEAl.AB. 

Of  the  24  AMT  channels  available  from  Ben¬ 
thic  to  shore,  six  were  the  return  channels  of 
the  two-way  links  assigned  for  BERKONE  and 
SEAl.AB  to  shore  described  above.  Three  addi¬ 
tional  channels  carried  the  outputs  of  open 
microphones  in  the  galley,  lab  and  berthing 
space  of  SEAl.Ab  to  shore  for  distribution  to 
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Figure  10.  AMT  receiver 


the  headquarters  building.  Provision  was  also 
made  for  any  one  of  the  three  open  mike  outputs 
to  be  selected  by  a  switch  in  SEALAB  and  con¬ 
nected  to  the  BERKONE  via  the  umbilical  cable. 

An  additional  AMT  channel  was  provided  for 
Electro  Writer  transmission  to  shore.  However, 
the  second  Electro  Writer  transmitter  in  SEALAB 
assigned  for  this  purpose  was  removed  and  sent 
up  to  the  BERKONE  before  this  channel  was 
ever  checked  out. 

Three  channels  were  used  to  telemeter 
pressure  and  current  speed  information  from 
Dr.  Inman’s  bottom-mounted  weather  station  near 
SEALAB  to  shore  for  recording. 

Three  channels  were  used  for  internal  Benthic 
Lab  monitoring  purposes,  two  channels  tele¬ 
metering  the  outputs  of  acoustical  pickups  lo¬ 
cated  on  the  right-  and  left-hand  sides  of  the 
manipulator  and  one  used  to  monitor  selected 
outputs  from  an  instrumentation  patch  panel. 

The  remaining  eight  channels  were  d?signated 
as  spares  to  be  used  for  telemetering  of  addi¬ 
tional  instrumentation  in  Benthic,  SEALAB  or  on 
the  nearby  sea  floor  if  required. 


All  communication  channels  performed  as  ex¬ 
pected  and  no  failures  occurred  in  the  42  days  of 
operation  while  SEALAB  was  manned. 

The  only  communications  difficulty  was  ex¬ 
perienced  on  the  few  occasions  when  the  SEA¬ 
LAB  crew  turned  down  the  gain  on  their  monitor 
speaker.  The  Benthic  Control  watch  standers 
had  to  relay  a  message  via  the  BERKONE  for 
SEALAB  to  turn  the  listening  gain  back  up  to 
restore  communications. 

SEALAB  Tima  Multiplex  Data  Talamatering  via 
Banthic 

Control  of  the  Benthic  Lab  and  associated 
SEALAB  functions  was  provided  by  a  128- 
channel,  2-way  time  multiplex  telemetry  system. 
(TMT),  capable  of  transmitting  both  binary  and 
analog  information.  Although  capable  of  a  256- 
channel  capacity,  it  became  evident  as  the  pro¬ 
gram  evolved  that  a  half-system  capacity  would 
be  '-utficient  to  satisfy  the  control  requirements. 
Prognosticating  that  future  Benthic  Labs  would 
have  different  control  requirements,  the  electro¬ 
mechanical  design  was  geared  to  convenient 
blocks  of  32  channels.  These  32-channel 
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modules  were  designed  to  house  32  electronic 
switches;  16  capable  of  energizing  600-watt  ac 
devices,  and  16  capable  of  energizing  6-watt  dc 
devices.  Table  II  gives  a  breakdown  of  the 
switching  functions  required  by  the  Benthic* 
SI:  \ I  Ml  complex. 


TABLE  II 


No.  of 


Channels 

Function 

Actuator  Type 

4 

Benthic  Lab  door 

High  power  ac 

15 

Benthic:  Lab 

High  and  low 

manipulator 

power  ac 

18 

Benthic  Lab  TV 

Low  power  ac , 

cameras  (2  ea.) 

high  power  dc 

18 

SI- A l. A II  TV 

Low  power  ac, 

cameras  (4  ea.) 

high  power  dc 

30 

TV  camera  and 
channel  selector 

Low  power  dc 

10 

SIO  photographic- 
timing  lights 

Low  power  ac 

8 

Benthic  Lab  light¬ 
ing 

High  power  ac 

25 

Miscellaneous 

The  entire  TMT  control  system  is  phase- 

locked  to 

a  1  MHz  crystal-controlled  oscillator 

located  at 

Benthic  C  ontrol.  From 

this  clock  are 

generated 

the  multiplex  timing  gates,  and  all 

te  lemetry 

transmission  carriers. 

Table  HI  lists 

the  carrier  frequency  allocation 

and  the  in- 

formation 

assigned  to  each. 

The  master  oscillator  frequency 

,  carrier  fre- 

queni ies, 

and  all  multiplex  timing  gates,  were 

obtained 

from  standard  Computer  Control 

(  ompany 

1  -MHz  S-PAC  equipment 

,  in  both  Ben- 

thic  (  ontrol  and  Benthic  Lab. 

Filters,  modu- 

la  tors,  dcnuxlulators,  detectors,  etc.,  were  fabri¬ 
cated  by  MPL.  A  block  diagram  of  the  control 
TMT  system  is  shown  in  Figure  II. 


TABLE  III 
Tronsmitter 

Frequency  Location  Modulator 


1  MHz  Benthic  (ontrol 

*3 00  kHz  Benthic  Lab 

230  kHz  Benthic  C  ontrol 
167  kHz  Benthic  Control 
125  kHz  Benthic  C  ontrol 


No  modulation;  trans¬ 
mitted  via  AMT  chan¬ 
nel  for  TMT  carrier 
generation. 

Benthic  Lab  to  shore 
TMT  signal;  500  kHz 
derived  from  1  MHz 
carrier  above. 

15  kHz  Benthic  Lab 
TMT  clock. 

Shore  to  Benthic  Lab 
TMT  signal. 

60 Hz  data  frame  syn¬ 
chronizing  signal. 


Ten  environmental  sensors  inside  the  S I-AI.AII 
habitat  and  six  oceanographic  weather  station 
sensors  on  or  near  the  ocean  floor  outside  pro¬ 
duced  continuous  dc  output  voltages  which  were 
recorded  or  monitored  within  SI-Al.All  II.  These 
16  -sensor  outputs  were  also  sampled  at  intervals 
varying  from  12  seconds  to  4  minutes  depending 
on  the  type  of  data  being  sampled.  The  data 
samples  were  coupled  to  the  input  of  an  A  to  1) 
converter,  the  12-bit  binary  coded  output  of  which 
was  transmitted  to  shore  via  the  Benthic  TMT 
system.  Data  sampling  was  programmed  by  a 
pair  of  electrically  driven  mechanical  stepping 
switches.  The  commands  for  'step  switch  ad¬ 
vance’  and  'A  to  D  converter  read’  were  tele¬ 
metered  from  the  digital  data  recording  system 
ashore. 

The  digital-data  recording  system  is  primarily 
a  recorder  recorder-programmer  combination 
which,  in  detail,  is  a  system  of  many  functions. 
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Telemetering  system  -  Henthic  Lab 
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The  programmer,  assembled  with  Computer  Con¬ 
trol  (  ompany  S-PAC  logic  blocks  plus  MPL 
fabricated  cards,  provides: 

(1)  The  command  to  advance  the  A  to  D  data- 
sampling  stepping  switch. 

(2)  The  digital  recorder  intercard-gap  signal 
derived  from  the  A  to  1)  stepping  switch 
index. 

(3)  The  digital  recorder  step-record  signal 
derived  from  60-11/  line  voltage. 

(4)  The  means  to  process  the  64  data  inputs 
(including  24  real  time  inputs)  into  a 
format  acceptable  to  the  digital  recorder. 

(5)  The  riming  signals  for  the  SIO- S'/:', 4/. ,4/1 
camera  timing  lights. 

The  recorder  used  is  a  model  I)SR  1430  manu¬ 
factured  by  the  I)igi-I)ata  Corp.  It  is  a  “-track 
tape  machine  utilizing  IBM-type  reels  and  the 
format  is  compatible  with  IBM  computers. 

In  addition  to  the  12  bits  of  A  to  1)  output  an 
additional  6«bit  code  identifying  the  data  being 
read  is  also  telemetered  ashore. 

Cnfortunately,  the  bulk  of  the  shore-recorded 
data  from  V/  4/  1/1  II  derived  from  the  SIM  Ml 
A  to  I)  system  is  of  questionable  value  because 
conductors  carrying  3  of  the  18  bits  were  inter¬ 
mittent  due  to  connector  failure  in  the  SliAI  .4/1- 
to-Bcnthic  cables.  The  data  transmitted  raw  via 
the  AMT  channels  were  not  affected. 

Other  than  the  connector  trouble  and  other 
mechanical  troubles  caused  by  repeated  trans¬ 
port  of  circuit  cards  to  and  from  the  surface  be¬ 
fore  the  connector  trouble  was  properly  diag¬ 
nosed,  only  one  known  failure  and  one  possible 
failure  occurred  in  the  A  to  D  programmer,  A  to  I) 
converter,  time  multiplex  data  transmission  and 
recording  system.  The  known  failure  was  a 
shorted  capacitor  which  was  quickly  diagnosed 
through  a  cooperative  effort  between  V/-  4/. 4/1 
and  Benthic  C  ontrol  personnel.  The  circuit  card 
was  sent  to  the  surface,  repaired  and  returned  in 


12  hours.  The  diagnosis  and  repair  combined  re¬ 
quired  an  estimated  45  minutes.  Transport  from 
SI' A I  .All  to  Benthic  ('ontrol  required  approxi¬ 
mately  11  hours. 

The  capacitor  short  was  not  attributed  to 
pressure  effects  since  many  of  the  same  type  of 
capacitors  have  been  tested  to  10,000  psi  with¬ 
out  failure. 

The  possible  failure  was  in  a  diode  matrix 
card  in  the  Benthic  Lab  which  was  the  recipient 
of  the  major  manipulation  as  described  in  Section 
V.  As  of  this  writing  the  failure  has  not  been 
confirmed. 

The  photograph  of  Figure  12  shows  the  Shi  A- 
I  All  electronics  rack  which  h<  uses  the  SliAI  All 
TV  control  electronics  at  the  bottom,  power 
supplies  and  remote  control  potentiometer  bank 
next,  with  the  communications  panels  in  the 
center,  followed  by  the  A  to  D  converter  varipak 
and  the  environmental  sensor  panel  at  the  top. 

Benthic-SEAL AB  Cables 

Two  1  50-foot  multiconductor  cables  were  used 
to  connect  the  Benthic  Lab  to  SliAI. All.  Unlike 
the  Benthic  Control-Benthic  Lab  link,  there  was 
no  multiplexing  of  information  between  these  two 
stations;  each  function  had  an  assigned  wire 
leading  to  or  coming  from  the  Benthic  Lab 
processing  equipment.  The  Benthic  Lab  end  of 
these  cables  was  terminated  at  a  terminal  board, 
while  the  SI  Ah. All  was  terminated  with  con¬ 
nectors.  Table  IV  gives  a  general  description  of 
these  two  cables  and  their  connectors. 

Installation  procedures  called  for  the  marriage  of 
Benthic  Lab  to  SliAI. All  to  be  made  underwater. 
Consequently,  small  pressure  cannisters  were 
fabricated  to  seal  and  protect  the  SliAI. AH  end 
of  each  cable.  Fiach  cannister  was  filled  with 
alcohol  to  prevent  sea  water  contamination 
'alcohol  being  a  fluid  compatible  with  the  SH.A - 
I  AH  atmosphere).  Figure  13  shows  the  pressure- 
cast  for  the  50-conductor  communications  cable. 
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TABLE  IV 


Cable 

No.  of 

Information 

Connector 

Type 

Conductors 

Carried 

Types 

Boston 

74  single¬ 

A  to  D  con¬ 

3  ea.Deut- 

Insulated 

conductor 

verter  data 

sch  multi¬ 

Wire  TV- 

plus  8  co¬ 

and  TV  in¬ 

pin 

82 

axial  cables 

formation 

1  ea.  Can¬ 

and  control 

non  multi¬ 

coax 

Consoli¬ 

25  twisted 

Communica¬ 

1  ea.  Can¬ 

dated 

pairs 

tions  and 

non  multi¬ 

Wire  No. 

analog  data 

pin 

602  5 

As  mentioned  previoysly,  the  majority  of  the 
malfunctions  associated  with  the  SH.Al.Ali 
project  were  attributed  to  connector  failure 
associated  with  these  sea  cables.  Figures  14, 
15,  and  16  show  various  degrees  of  corrosion  and 
contamination  which  was  observed  on  these  con¬ 
nectors  after  recovery.  In  most  cases.,  specific- 
troubles  can  be  traced  to  a  particular  connector- 
pin  combination  where  the  corrosion  is  severe. 
The  cause  of  this  corrosion  is  unknown;  how¬ 
ever,  three  hypotheses  are  offered: 

(1)  Direct  contact  with  sea  water  sometime 
during  the  handling  process. 

(2)  Pin-to-pin  arcing  or  electrolysis  while 
the  connectors  were  still  in  the  alcohol 
fluid. 

(3)  High  ambient  humidity  and  possible  salt 
water  splash  in  the  environment  near  the 
SI:AI  AH  trunk. 


In  considering  the  above  items  it  is  interesting 
to  note  that:  (1)  Corrosion  was  also  evident  on 
the  SHAI.AH  rack-mounted  connectors  (see 
Figure  8b),  and  (2)  the  single  connector  associ¬ 
ated  with  the  communications  cable,  which  is 
terminated  only  by  floating  transformer  windings, 
showed  no  signs  of  deterioration. 


Figure  13. 


Pressure  case  for  communications 
cable 
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Figure  14.  Connector  corrosion  and  contamination 


Figure  13.  (  onnector  corrosion  and  contamination 
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Benthic  and  SEALAB  Television 

The  TV  system  for  Benthic  and  SF.Al.AH  uses 
standard  commercial  525  line  interlace  scan  fre¬ 
quencies.  Video  transmission  is  accomplished 
using  five  amplitude  modulated  carriers  on  fre¬ 
quencies  of  51,  60,  69,  78  and  87  MHz. 

Synchronization  of  the  two  cameras  in  the 
Benthic  Lab  with  displays  in  Benthic  Control  is 
by  telemetered  sync  signals  transmitted  over  two 
audio  communication  channels.  This  provides 
for  a  more  reliable  synchronization  in  low  signal- 
to-noise  ratio  conditions  than  is  obtainable  with 
sync  pulses  superimposed  on  the  video  as  in 
commercial  broadcasting. 

Tne  four  TV  cameras  provided  for  in  SF.Al.AH 
are  given  the  capability  of  operating  off  the  same 
telemetered  sync  pulses  as  the  Benthic  cameras 
or  from  an  auxiliary  sync  generator  self-contained 
in  the  SF.Al.AH  electronics  rack.  Due  to  cable 
connector  damage  suffered  during  the  installation 
and  Benthic-.SF  A/  AH  hookup,  the  latter  sync 
option  was  the  only  one  usable  during  this  period 
of  operation. 

The  four  cameras  furnished  SF.Al.AH  were 
duplicates  of  the  ones  designed  for  use  in  Ben¬ 
thic  with  the  exception  that  the  SF.Al.AH 
cameras  were  not  equipped  with  remotely  oper¬ 
ated  pan  /tilt  mechanisms  as  were  the  two 
cameras  used  in  Benthic. 

Provisions  were  only  made  for  remote  adjust¬ 
ment  of  focus  and  sensitivity  via  Benthic  tele¬ 
metering  from  shore. 

Video  signals  from  the  four  SF.Al.AH  cameras 
were  carried  on  separate  coaxial  conductors  in 
the  SFAI  A/l-to-Bcnthic  cabling  to  be  placed  on 
carriers  by  modulator  circuits  in  Benthic  for 
transmission  to  shore. 

Three  of  the  four  video  coaxial  connections  to 
Benthic,  along  with  telemetered  signals  for 
focus  and  sensitivity  adjustments,  were  lost 
during  the  initial  Bcnthic-io-.V/:' Al.. \ll  hookup  as 


a  result  of  the  cable  connector  damage.  Insuffi¬ 
cient  time  was  available  from  the  tight  schedule 
of  the  SF.Al.AH  crew  to  pinpoint  the  cable  faults 
and  attempt  repairs. 

Both  cameras  installed  inside  SF.Al.AH 
functioned  normally  and  transmitted  acceptable- 
pictures  ashore  via  Benthic  when  either  was 
connected  through  the  one  existing  good  video 
channel.  Focus  and  sensitivity  adjustments 
were  made  using  a  jury  rig  substitute  in  SFAI  \H 
for  the  lost  control  functions. 

The  two  underwater  cameras  outside  of  SF.A¬ 
l.AH  were  never  lifted  out  of  the  mud  for  test¬ 
ing,  presumably  because  there  were  no  addi¬ 
tional  video  channels  available  for  their  use, 
and  because  the  limited  visibility  in  the  sur¬ 
rounding  water  discouraged  their  use.  One  of 
these  gave  evidence  of  a  sea  ground.  It  was 
later  found  to  have  a  faulty  O-ring  in  the  cable- 
end  cap. 

Both  inside  cameras  remained  operable 
throughout  the  42  days  of  operation  but  became 
less  and  less  usable  as  a  result  of  the  many 
holes  burned  in  the  vidicon  targets  by  the  fre¬ 
quent  flashing  of  flash  bulbs  by  photographers  in 
SF.Al.AH.  It  is  believed  that  the  vidicons  were 
vulnerable  because  of  the  low  heat  absorption 
characteristics  of  the  lucite  lens.  A  piece  of 
heat  absorbent  glass  was  taped  over  the  front  of 
the  lens  of  the  one  camera  in  use  during  the 
closing  days  of  the  operation  and  no  additional 
burns  appeared. 

Four  additional  modulators  were  included  in 
the  TV  control  chassis  in  SFAI. AH  for  trans¬ 
mission  of  multiple  video  signals  over  a  single 
coax  in  the  umbilical  cable  to  the  Staging 
Vessel.  It  was  reported  that  the  signal-to-noisc 
ratio  was  poor  over  this  link.  No  effort  was 
made  to  improve  this  link  in  view  of  the  installa¬ 
tion  of  O.F.C..  cameras. 
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On  shore  at  Benthic  Control,  TV7  carriers  were 
boosted  and  distributed  to  various  offices  in  the 
headquarters  building  and  to  Sumner  Auditorium 
where  they  were  viewed  by  officials  of  the  pro¬ 
ject,  the  press  and  the  public  on  standard  com¬ 
mercial  home  entertainment-type  TV  receivers. 

During  the  operation  additional  TV  video 
signals  from  cameras  supplied  by  Oceanographic 
engineering  Company  were  brought  ashore  via 
separate  coaxial  cables  laid  to  the  BERKONR. 
Additional  modulators  were  built  and  put  into 
service  at  benthic  Control  so  that  these  signals 
could  also  be  distributed  over  the  aforementioned 
network  to  all  the  monitors  on  shore. 

SEALAB  Entertainment  TV  and  Closed-Circuit 
TV  Monitor 

In  May  1965  the  Marine  Physical  Laboratory 
was  asked  to  provide  SEALAB  II  with  a  standard 
broadcast  entertainment  TV  receiver  capable  of 
safe  sustained  operation  in  the  100-psi  helium 
atmosphere.  No  data  were  readily  available  on 
the  collapse  pressure  of  standard  CRT’s  used  in 
commercial  TV  receivers.  An  appeal  to  the  local 
Sony  and  Genera!  Electric  TV  distributors  pro¬ 
duced  two  each  5-inch  and  9-inch  CRT’s  for  test¬ 
ing.  These  were  tubes  which  were  electrically 
defective  but  were  believed  to  have  good  enve¬ 
lopes.  They  were  furnished  without  cost.  The 
two  5-inch  and  one  of  the  9-inch  tubes  imploded 
within  ±5  psi  of  80  psig.  The  other  9-inch  tube 
imploded  at  less  than  10  psig  leading  to  the 
conclusion  that  it  probably  had  a  defective 
envelope. 

The  TV  CRT  obviously  had  to  be  protected 
from  the  SEAI.AB  pressure.  The  first  inclination 
was  to  build  a  pressure  case  around  a  complete 
TV  receiver,  but  bringing  the  controls  out  for 
access  posed  a  difficult  sealing  problem  so  a 
different  approach  was  taken.  A  standard  G.F. 
9*  uonsistorized  portable  receiver  was  procured 
and  the  C  RT,  horizontal-sweep  circuitry  and 
high-\  oltage  power  supply  removed  for  installa¬ 
tion  in  a  pressure  case.  The  rest  of  the  receiver 
remained  intact  in  the  original  cabinet  with  all 


controls  accessible.  The  pressure  case  was 
made  of  aluminum  with  a  lucite  viewing  window 
at  one  end  sealed  with  an  O-ring  of  buna-N  com¬ 
pound.  Electrical  connections  were  brought  out 
through  glass-to-metal  seals  at  the  other  end. 
The  completed  receiver  is  shown  in  Figure  17. 

Since  neither  the  time  nor  the  facility  was 
available  for  leak  testing  under  pressure  in  a 
helium  atmosphere,  a  pressure  gauge  was  in¬ 
stalled  inside  the  pressure  case  in  such  a  way 
that  it  registered  differential  pressure  between 
outside  and  inside.  1'he  gauge  was  placed  for 
ease  of  viewing  through  the  lucite  window.  The 
internal  pressure  increased  by  approximately 
18  psig  over  the  full  44-day  period  that  SEALAB 
was  down.  The  TV  receiver  worked  continuously 
without  failure.  The  antenna  was  located  on  the 
Staging  Vessel  BERKONE  and  coupled  to  the 
receiver  through  the  umbilical  cable. 

Provisions  were  made  m  disconnect  the  re¬ 
ceiver  from  the  antenna  for  alternate  use  as  a 
monitor  for  the  TV  cameras  in  SEAI.AB  when 
required. 

IV  BENTHIC  CONTROL  COMMUNICATION 

Following  the  installation  of  the  Benthic  Lab 
and  its  connection  to  SEALAB,  a  24-hour  2-man 
watch  was  manned  by  Marine  Physical  Labora¬ 
tory  personnel  at  the  Benthic  Control  Center  in 
support  of  the  SEALAB  communications  needs. 
During  the  first  week  of  the  operation  one 
member  of  the  2-man  team  was  a  senior  member 
of  the  technical  staff.  For  the  following  weeks 
the  watch  was  made  up  of  junior  members  of  the 
technical  staff  once  standard  procedures  had 
been  established  and  system  hugs  had  been 
ironed  out. 

In  order  to  assist  in  the  planning  of  future 
communications  needs  for  SEALAB  III  and  be¬ 
yond,  an  attempt  will  be  made  to  summarize  the 
communications  traffic  handled  through  Benthic 
Control  in  a  moderate  amount  of  detail.  The 
basic  data  for  this  summary  comes  from  the 
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Benthic  Control  log  and  in  particular  from  the 
telephone  log  which  is  a  record  of  all  outgoing 
calls  originating  in  SEALAB.  The  breakdown  of 
the  outgoing  telephone  calls  including  both  long* 
distance  and  local  calls  is  given  in  Figures  18 
and  19.  Figure  18  shows  the  distribution  of 
calls  in  terms  of  the  number  of  calls  per  day  in 
each  of  the  three  team*periods.  The  call  rate 
increased  from  an  average  of  5.8  calls  per  day 
for  the  first  team  to  11.8  calls  per  day  for  the 
third  team.  This  average  rate  of  approximately 
one  call  per  aquanaut  per  day  does  not  report  the 
true  traffic  density.  Most  of  these  calls  were 
placed  during  the  evening  watch  when  reduced 
long-distance  rates  were  in  effect  and  when  the 
aquanauts  were  not  involved  in  the  daily  work 
program.  The  distribution  of  the  calls  in  terms 
of  the  individual  team  members  is  shown  in 
Figure  19.  The  distributions  are  essentially  tri¬ 
angular  with  a  nominal  maximum  number  of  calls 
for  an  individual  of  35  for  the  second  and  third 
teams  and  a  maximum  of  12  for  the  first  team. 
The  rates  and  distributions  for  the  second  and 
third  teams  are  probably  more  indicative  of  what 
could  he  expected  in  a  future  operation  than 
those  of  the  first  team  where  the  lack  of  famili¬ 
arity  with  the  system  and  procedures  probably 
suppressed  the  use  of  the  telephone  communi¬ 
cation  link. 

The  over-.ill  activity  of  the  Benthic  Control 
watch  standers  is  summarized  in  the  following 
list.  The  information  was  extracted  from  the 
daily  log  and  in  some  cases  estimated  from  dis¬ 
cussions  with  the  watch  personnel.  This  in¬ 
formation  is  also  presented  to  attempt  to  outline 
the  requirements  of  a  communication  center  for 
future  SEALAB  programs.  The  activities  listed 


cover  a  40-day  period. 

Telephone  calls  from  SEAI  AH  355 

Estimated  telephone  calls  to  SEAI. Ali  420 

Estimated  telephone  calls  to  University 

extensions  180 

1)  Calls  from  Benthic  to  SEALAB  II 

for  various  equipment  checks  3" 


2)  Calls  from  Benthic  Control  to 

SEALAB  for  equipment  repairs  20 

3)  Calls  from  SEALAB  II  to  Benthic 
Control  for  equipment  check  and 

repair  information  1 1 

4)  Visit  to  Benthic  Control  for  conver¬ 
sations  with  SEALAB  II  personnel  21 

5)  Requests  to  Benthic  Control  person¬ 
nel  for  additional  work  needed  to  be 

done  by  Benthic  Control  personnel  75 

6)  Visits  by  authorized  personnel  to 

Benthic  Control  to  show  SEAl.AH  II 
operation  to  visitors  25 

7)  Set  up  interviews  with  SEALAB  II 

personnel  10 

8)  Transfer  of  equipment  to  and  from 

SEALAB  II  via  staging  vessel  19 

°)  Relay  messages  to  and  from 

SEALAB  II  13 

10)  Patch  special  phone  connections  10 

11)  Record  audio  conversations  with 

SEALAB  II  3 

12)  Assist  in  video  recordings  of 

SEALAB  II  4 

13)  C  ommunication,  Benthic  Control 

to  BERKONE  16 

14)  Communication,  Benthic  Control 
to  SEALAB  Headquarters  via 

intercom  (estimated)  350 

15)  Psychologists  visits  to  Benthic 
Control  to  verify  communications 

with  SEALAB  II  12 

16)  Visits  to  Benthic  Control  to  dis¬ 

cuss  equipment  changes  and  mal¬ 
functions  with  Benthic  personnel  II 

I~)  Miscellaneous-take  pictures,  dis¬ 
tribute  information,  locate  personnel, 
answer  questions,  etc.  (estimated)  200 


These  activities  do  not  cover  the  assistance 
which  was  given  to  the  \/:  \I..\B  project  in  small- 
boat  operations  and  radio  relay  service  during 
the  period  of  installation  prior  to  the  operation 
of  the  Benthic  Laboratory.  The  small  boat 
services  were  sufficiently  intensive  to  virtually 
demolish  a  new  14-foot  Boston  Whaler  in  repeated 
landings  at  the  dock  and  the  BERKOS!:.  The 
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radio  traffic  was  very  heavy  prior  to  the  installa* 
tion  of  the  Pacific  Telephone  lines  to  the 
RF.RKONI:. 


Team  members 


Figure  18.  Distribution  of  telephone  calls  per 
day  by  the  three  teams 


V  MANIPULATION  IN  THE  BENTHIC  LAB 

The  initial  attempt  at  manipulation  within  the 
Benthic  hive  was  carried  out  on  September  1, 
the  day  after  the  emplantment  of  the  Benthic  Lab. 
The  attempt  was  made  using  Benthic  TV  camera 
number  2,  located  between  modules  22  and  23, 
near  the  TV  modulator  cards  in  module  21 
(Figure  20).  This  particular  TV  camera  appeared 
to  be  faulty,  and  the  picture  definition  was  very 
poor,  indicating  either  an  oil  leakage  into  the 
optics  or  a  faulty  electromagnetic  focus  circuit. 


*0-1 


Days 

Figure  19.  Distribution  of  telephone  calls  per 
day  by  individual  members 


A  comparison  of  the  two  cameras  is  made  in 
Figure  21.  The  vertical  and  radial  position 
of  the  manipulator  was  first  established  by  use 
of  camera  1  on  the  opposite  side  of  the  hive, 
then  the  manipulator  was  rotated  into  the  field 
of  view  of  camera  2.  After  a  considerable 
number  of  trial  approaches  the  manipulator 
hand  was  engagea  in  the  card  slot  of  one  of 
:he  spare  modulator  cards  and  the  card  was 
extracted  from  its  slot.  The  card  was  moved 
down  to  video  6  module  slot  and  success¬ 
fully  inserted.  The  engagement  of  the  pins  was 
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Figure  20.  Benthic  Lab  configuration 
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C  amera  I 


Camera  2 


Figure  21.  C  omparison  of  the  resolution  of  the  two  Benthic  TV  cameras 


indicated  by  the  occurrence  of  a  strong  inter¬ 
ference  pattern  on  TV  channel  2.  The  card  was 
then  removed  from  this  slot  and  an  attempt  made 
to  return  it  to  the  storage  slot  in  its  original  lo¬ 
cation.  At  this  point  considerable  difficulty  was 
encount  red  in  aligning  the  card  with  the  slot  as 
a  result  of  the  poor  definition  of  camera  2.  In 
the  process  of  manipulation  the  card  was  dropped 
and  lost  from  view.  A  cursory  examination  of 
the  hive  with  camera  1  did  not  disclose  the  final 
resting  place  of  the  card;  however,  a  more  careful 
examination  late  that  night  revealed  the  card 
might  be  lodged  in  the  cable  harness  near  the 
terminal  block  area  (Figure  22).  Recovery  of  the 
card  was  considered,  but  the  complete  lack  of 
visibility  of  this  area  from  the  camera  number  I 
vantage  point  made  it  virtually  impossible  and  no 
recovery  attempt  has  been  made. 

I'he  following  day  the  hydraulic  system  was 
checked  in  an  effort  to  determine  the  cause  of 
the  accidental  release  of  the  card  from  the  ma¬ 
nipulator  jaws.  The  integrity  of  the  hydraulic 
lines  was  investigated  by  listening  to  the  cavi¬ 
tation  of  the  hydraulic  pump  through  the  monitor 
hydrophones  and  energizing  the  negative  pres¬ 
sure  solenoid  for  the  various  functions  inter¬ 
mittently.  If  the  pressure  h  .d  remained  the  same 


in  the  circuit  during  the  interval  of  time  the 
solenoid  was  closed,  the  flow  through  the  pump 
would  not  be  changed  upon  rcactuation  of  the 
valve.  However,  if  the  pressure  had  relaxed  in 
the  circuit,  the  reduction  in  pressure  when  the 
valve  was  connected  across  the  manifold  would 
be  accompanied  by  a  reduction  in  the  cavitation 
noise.  This  reduction  of  sound  was  observed  on 
the  grip  hydraulic  circuit  after  a  few  seconds 
delay  indicating  the  presence  of  a  slow  leak  in 
the  system.  In  future  manipulations  this  fact 
was  taken  into  consideration  by  periodically  re¬ 
energizing  the  grip  solenoid  whenever  the  grip 
action  was  used. 

I'he  next  manipulation  effort  attempted  was  the 
use  of  the  patch  panel  to  check  the  performance 
of  the  amplitude  modulated  communication  links. 
In  this  operation  camera  1  was  used.  Its  location 
between  modules  8  and  9  gave  an  ideal  vantage 
point  for  the  operation  on  the  patch  panel  board 
located  in  module  12.  The  manipulation  was 
successfully  carried  out  and  involved  the  trans¬ 
fer  of  both  ends  of  the  patch  cord.  One  end  was 
moved  to  the  monitor  jack  on  the  upper  half  of 
the  panel  from  its  original  position  in  the  monitor 
jack  on  the  lower  half  of  the  panel  (Figure  2^). 


31 


s|< )  Kefc  r(  ni  <  ('(>  5 


Marine  Physical  Laboratory 


Figure  22.  Terminal  bloc  k  area 


The  other  end  of  the  cord  was  then  inserted  in 
the  desired  jack  in  the  panel  (Figure  24).  The 
jack  numbers  were  marginally  readable  in  this 
particular  area  which  was  in  the  upper  third  ot 
the  bottom  half.  The  location  of  the  jack  was 
confirmed  by  counting  the  jack  sequen:efrom  a 
readable  number  at  closer  range.  During  the 
checking  operation  it  was  also  necessary  to 
operate  the  rotary  switch  in  the  center  of  the 
patch  panel  (Figures  25 a  and  25b).  In  one  po¬ 
sition  of  the  switch  the  detent  could  not  be  over¬ 
come  by  the  wrist  rotate  motor  torque  alone  and 
thus  it  was  necessary  to  stall  the  wrist  rotate 
and  t  “t-n  operate  the  arm  rotate  motor  to  obtain 
increased  torque.  Although  both  functions  are 
driven  from  identical  motors,  the  loss  in  the  com¬ 
pound  gear  transmission  link,  including  the  worm 
gear  final  reduction  of  the  hand  rotate  function, 
gives  rise  to  a  lower  stall  torque  than  the  spur 
ge  ar  reduc  tion  of  the  arm  rotate  function. 
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Figure  23a.  Manipulator  hand  approaching 
monitor  switch 


Figure  23b.  Manipulator  engaged  in  monitor 
switch 


The  major  difficulty  which  was  encountered  in 
working  with  the  patch  panel  was  that  of  re¬ 
leasing  a  patch  cord  plug  handle  once  the  plug 
was  engaged  in  its  socket.  It  was  somewhat 
ironic  that  it  at  times  appeared  to  be  impossible 
to  release  the  patch  cord  without  pulling  the  plug 
from  its  socket,  even  though  several  times  during 
the  operation  the  plug  nearly  fell  off  the  hand 
while  maneuvering  it  outside  of  the  socket.  It  is 
apparent  that  a  more  satisfactory  method  of  en¬ 
gaging  objects  to  be  maneuvered  is  required. 

The  capability  of  monitoring  the  circuits  in 
Benthic  is  a  powerful  tool  in  the  Benthic  Lab 
operation.  Using  this  patch  panel  it  was  possi¬ 
ble  to  determine  the  total  effect  of  oil  immer¬ 
sion,  temperature  and  pressure  on  the  tuning  of 
three  of  the  receivers  and  to  retune  the  oscil¬ 
lators  in  the  surface-operating  equipment  to 
match  the  final  receiver  frequencies.  It  became 
apparent  that  it  would  be  desirable  to  have  even 
more  system  voltages  and  waveforms  brought  out 
to  the  patch  panel.  In  particular,  if  the  voltages 
of  the  TV  cameras  had  been  available,  it  would 
have  been  possible  to  determine  the  cause  of  the 
malfunction  of  camera  2.  Also,  if  all  receiver 
outputs  were  brought  out,  a  complete  system 
alignmert  could  be  carried  out. 

The  first  major  effort  at  card  replacement  in 
Benthic  was  undertaken  on  September  23,  in  an 
attempr  to  rectify  difficulties  encountered  with 
the  A  to  I)  converter  digital  transmission  link. 
On  the  previous  day,  measurements  taken  in 
S I.AI  \li  had  indicated  an  abnormality  in  data 
channels  ",  8  and  10.  At  10  a.m.  on  September 
2^,  the  manipulator  was  engaged  in  the  diode 
aiutrix  card  which  was  located  at  the  extreme 
bi  ttom  of  module  3  (Figure  26).  The  card  was 
exttacred  part  way  and  released  from  the  manipu¬ 
lator,  Icav.ng  it  disengaged  from  the  connector 
but  still  in  its  slot.  The  operation  took  approxi¬ 
mately  43  minutes.  A  second  check  of  the 
voltages  on  the  A  to  D  converter  card  socket 
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Figure  26.  Location  of  faulty  card 
(bottom  of  Module  3) 


showed  that  the  anomalous  voltage  readings  still 
existed  on  channels  ”  and  H.  Following  this 
test,  S/:.W  \li  was  requested  to  disconnect  the 
plug  at  the  rear  of  the  electronics  rack  so  as  to 
permit  measurements  to  be  made  on  the  cable  it¬ 
self.  At  this  point  the  operations  were  inter¬ 
rupted  by  preparation  for  a  dive  by  the  aquanaut 
assisting  in  the  test.  Art  Flcchsig. 

Anticipating  that  the  diode  matrix  card  could 
be  faulty,  the  manipulator  was  once  again  en¬ 
gaged  in  this  card  and  the  card  was  removed  from 
the  slot.  The  card  was  brought  up  close  to  the 
TV  camera  and  inspected  visually  for  physical 
damage,  particularly  any  damage  to  the  card 
pins.  No  evidence  of  physical  damage  was  ob¬ 
served.  I  he  card  was  then  moved  to  a  vac  ant 
slot  in  module  *  and  partially  inserted.  Fortu¬ 
nately,  before  the  card  was  plugged  in  com¬ 
pletely,  Hob  (  berry  recalled  that  the  particular 
vacant  slot  was  not  a  storage  slot,  but  was  a 
spare  S(  R  driver  card  slot,  completely  wired, 
with  110  ac  appearing  on  the  pins.  Flic  card  was 
immediately  removed  from  tins  slot  and  a  storage 
slot  was  located  at  the  top  of  module  II.  Ibis 
slot  was  in  a  very  good  vantage  point  from  the 
I  \  camera  and  no  difficulty  was  experienced  in 
storing  the  card  in  this  position. 


During  this  interruption  an  attempt  was  made 
to  use  the  manipulator  to  move  camera  1  to  a  new 
location.  The  engagement  slot  for  the  manipu¬ 
lator  fingers  is  located  halfway  down  on  the  lift 
bracket  in  a  position  which  is  completely  blind 
from  either  camera.  In  order  to  prepare  the 
camera  for  lifting  it  was  first  necessary  to  rotate 
the  lift  bricket  from  its  stored  position  at  the 
side  of  the  camera  to  the  forward  position.  This 
was  accomplished  by  wedging  the  fingers  be¬ 
tween  the  bolt  heads  at  the  top  of  the  bracket 
and  the  camera  body  (visible  in  Figure  21)  and 
rotating  both  the  wrist  pivot  and  the  manipulator 
rotate  function  to  swing  the  bracket  out  into 
position.  The  wide  range  of  focus  provided  in 
the  cameras  permits  the  operator  to  focus  on  his 
operation  which  takes  place  only  a  few  inches 
from  the  camera  lens.  Once  the  lift  bracket  was 
rotated  into  the  forward  position,  the  manipulator 
was  retracted  into  the  field  of  vision  of  the 
camera  and  the  arm  realigned  with  the  wrist 
pivot  axis  vertical,  the  fingers  rotated  to  the 
horizontal  position  and  the  wrist  pointed  directly 
outward  in  the  radial  direction.  The  fingers 
were  then  brought  up  to  the  top  of  the  lift 
bracket  to  obtain  a  reference  measurement  on  the 
vertical  scale  provided  on  the  manipulator. 
While  observing  the  vertical  scale,  the  arm  was 
dropped  KM  16"  and  brought  into  contact  with 
the  lift  bracket.  The  manipulator  was  positioned 
so  as  to  maintain  a  slight  pressure  on  the 
bracket  and  the  hand  then  moved  up  and  down 
until  the  lifting  slot  was  located  by  'feel.’ 

After  locating  the  slot,  the  manipulator  was  ex¬ 
tended  to  fullv  engage  the  slot,  the  jaws  opened 
and  the  manipulator  rotate  jogged  to  center  the 
fingers  in  the  slot  to  permit  full  engagement. 
With  the  jaws  locked  in  the  slot,  the  TV  camera 
mirror  was  tilted  through  the  axis  of  the  camera 
to  observe  the  rear  attachment  to  the-  module  and 
an  attempt  was  made  to  lift  the  camera  from  its 
support  hook.  The  attempt  was  unsuccessful. 
Although  it  was  possible  to  raise  the  camera  it 
was  not  possible  to  clear  the  hook  or  fully  sup¬ 
port  the  camera  by  the  manipulator  hand.  Ap¬ 
parently  either  the  clamp  action  was  not  strong 
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enough  or  else  the  grip  function  hydraulic 
leakage  was  too  great  to  maintain  the  jaw  en¬ 
gagement  in  the  slot.  After  it  was  apparent  that 
the  camera  would  not  lift  free  of  the  support 
hook,  the  mirror  was  rotated  back  to  observe  the 
manipulator  and  the  manipulator  was  found  to  be 
retracted  out  of  contact  with  the  lift  bracket. 
In  view  of  the  extremely  high  risk  of  dropping  the 
camera  under  this  type  of  operation  further  at¬ 
tempts  to  move  the  camera  were  suspended. 
Approximately  on.'1  hour  was  spent  in  working 
with  the  camera  in  this  attempt  to  reposition  it. 

At  I  2  A 0  the  aquanaut  was  available  once  more 
to  resume  testing  and  a  check  of  the  cable  at 
this  time  indicated  that  the  voltage  previously 
measured  on  channels  ^  and  8  was  not  present. 
Ihe  plug  was  re-engaged,  a  second  check  made 
of  the  voltage  at  the  A  to  I)  card  socket,  and  the 
absence  of  the  voltages  confirmed. 

At  this  point  the  remaining  task  was  to  extract 
the  spare  card  from  its  position  in  module  3,  five- 
slots  down  from  the  top  (Figure  27),  and  insert  it 
in  the  bottom  slot  in  the  same  module  from  which 
the  faulty  card  had  been  removed.  Unfortunately 
the  vantage  point  of  the  camera  for  the  upper 
siot  of  module  3  was  poor  in  that  the  fingers 
were  hidden  by  the  manipulator  body.  Accord¬ 
ingly  in  order  to  extract  the  card  it  was  neces¬ 
sary  to  position  the  manipulator  vertically  with 
reference  to  the  fifth  card  down  in  module  4  and 
time  the  traverse  from  corresponding  points  on 
modules  5  and  4  until  a  reproduc  ible  traverse 
could  be  made  by  timing.  The  traverse  was  then 
timed  from  the  center  of  the  card  handle  on 
module  4  to  the  supposed  position  of  the  card 
handle  on  module  5.  At  this  point,  the  manipu¬ 
lator  was  extended  until  contact  with  the  card 
handle  was  indicated  by  a  slight  shift  in  the  po¬ 
sition  of  the  module,  and  the  raise-lower 
function  was  jogged  until  the  jaws  engaged  the 
slot.  Next,  the  manipulator  was  extended  to 
stall-out,  following  which  it  was  relaxed  slightly 
by  again  observing  the  motion  of  the  module. 
With  the  jaw  open  solenoid  actuated,  the  mani¬ 
pulator  rotate  function  was  jogged  to  center  the 


f  igure  2".  Slot  from  which  spare  diode- 
matrix  card  was  extracted 


hand  in  the  c  ard  handle.  By  retracting  the  mani¬ 
pulator  slightly,  the  jaws  engaged  the  notch  and 
locked  onto  the  handle.  The  card  was  then  ex¬ 
tracted.  During  extraction,  the  proper  alignment 
of  the  manipulator  was  determined  by  observing 
the  card  deflection  and  jogging  the  manipulator 
vertically  and  radially  as  indicated  to  align  the 
card  with  the  slot.  Throughout  the  entire  trans¬ 
fer  operation  the  jaw  open  solenoid  was  actuated 
every  two  to  three  seconds  to  be  sure  that  the 
card  would  not  accidentally  be  released.  While- 
transferring  from  the  number  5  slot  to  the  bottom 
slot  of  the  mexiule,  the  wrist  was  rotated  in  an 
upward  orientation  so  that  the  card  could  not 
accidentally  drop  from  the  jaws. 

(  onsiderable  difficulty  was  experienced  in  re¬ 
placing  the  card  in  the  bottom  slot.  Visibility- 
conditions  were  quite  poor  in  that  the  lighting  at 
the  bottom  of  the  module  was  inadequate  for  a 
sharp  TV  display  (Figure  28)  and  the  use  of  only- 
one  camera  made  it  very  difficult  to  estimate  dis¬ 
tances  or  orientation  of  the  card  at  the  bottom  of 
the  mcxlule.  A  number  of  tries  were  required  be¬ 
fore  the  card  was  finally  engaged  in  the  slot. 
Although  an  ac\  urate  measurement  of  time  was 
not  kept  on  this  operation,  insertion  of  the  card 
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Figure  28.  Manipulator  in  position  to  engage 
bottom  card  of  Module  3 

in  this  slot  required  about  20  minutes  compared 
to  the  two  or  three  minutes  required  for  inserting 
the  faulty  card  in  the  top  slot  of  module  1  I  where 
visibility  conditions  were  ideal  (f  igure  20).  The 
card  was  successfully  inserted  and  hornet!  in 
plate  to  full-pin  contact  by  the  manipulator  and 
the  A  to  I)  converter  card  reinstalled  in  (he 
S  /  W  l/l  rack.  The  data  transmission  link  was 
then  fount!  to  be  operating  satisfactorily. 


While  the  cause  of  the  trouble  in  the  A  to  I) 
link  was  not  conclusively  determined,  there  is  a 
strong  suggestion  that  a  combination  of  electri¬ 
cal  leakage  in  the  connector  in  the  S  /  1/  All 
electronics  rack  in  conjunction  with  electrical 
damage  to  the  diode  gate  card  were  the  cause  of 
trouble  and  that  the  trouble  was  corrected  by 
both  the  replacement  of  the  card  and  by  the  re¬ 
moval  of  the  plug  from  the  chassis  socket  there¬ 
by  giving  it  an  opportunity  to  dry  out  and  relieve 
the  severity  of  the  electrical  leakage. 

The  manipulation  experience  gained  in  this 
limited  amount  of  operating  time  has  been  in¬ 
valuable  in  indicating  the  effect  of  equipment 
configuration  on  the  performance  capability  of 
the  Benthic  Lab  system.  The  indicated  improve¬ 
ments  in  lighting,  camera  position  and  manipu¬ 
lator  design  may  now  be  incorporated  before 
attempting  a  deep  water  installation. 

The  following  Marine  Physical  Laboratory 
personnel  vvre  involved  in  the  W  .1/  l/l  project. 
The  list  includes  all  participants  in  the  techni¬ 
cal  phase  of  tin  program  and  identifies  their 
main  area  of  participation.  One  quarter  of  the 
total  effort  represents  non-premium  overtime. 
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